Abstract -If it were possible to control four sets of PMSMs in place of induction motors by using one inverter, we could attain efficient driving trains. In this paper, a method for controlling three sets of PMSMs with one inverter is shown. Additionally, this shows the method to control four sets of PMSMs with one inverter and the results of a simulation with the proposed method.
I. INTRODUCTION
Recently, trains have been driven by mainly operating four sets of induction motors with one inverter. Using a permanent magnet synchronous motor (PMSM) is more efficient than using an induction motor. Therefore, at ICEMS 2013, we proposed a method for controlling two sets of PMSMs with one inverters [1] . As further development, in this paper, we show a method for controlling three and four sets of PMSMs, for which the magnetic pole positions differ, with one inverter.
II. PREVIOUSLY CONTROL METHOD FOR TWO SETS OF PMSM
If two motors that have differing magnetic pole positions are applied with the same three-phase voltage, a difference in the torque and current of the two motors arises from the difference in the magnetic pole position. This was found in the previously announced paper [1] . Therefore, to simultaneously control two PMSMs, it is necessary to control the state in which the magnetic pole positions are in the same position. Therefore, a control method was proposed that adjusts the position of the magnetic poles, and next, vector control is performed for motor 1, which is shown at the top of Fig. 1 . Figure 1 is a block diagram of the proposed control for two motors, and Fig.  2 shows a control flowchart of the proposed control for two motors. When the magnetic pole positions are in the same position ( 1 -2 = 0), motors 1 and 2 are performed acceleration control by ordinary vector control. The magnetic pole positions of motors 1 and 2 are 1 and 2. When the magnetic pole positions are different, the positions of the two motors are adjusted by the proposed adjustment control. The proposed control is described by using a vector diagram.
Simultaneous equations of the d,q-axis coordinate system of a PMSM are given by Figure. 3 shows a vector diagram in for the case of performing the proposed control method for the motors 1 and 2 when the motors are stopped. Proviso As shown in Fig.3 , the motors 1 and 2 is are stopped in a state that in which their magnetic pole positions are different from by 120 degrees. By performing the control proposed in Fig. 2 , the torque current Iq of different codes flows to each both motors 1, 2, as shown in Fig. 3 . And, each motors rotates in each match direction of matching the magnetic pole positions, so the pole position is adjusted.
Next, Fig. 4 shows a vector diagram for the case of performing the proposed control method for motors 1 and 2 when the motors are rotated. As shown, the motors are rotated in a state in which their magnetic pole positions are different by 60 degrees. By performing the proposed control as well while rotating, the torque current Iq of different codes flows to each motor, and each motor rotates in each direction matching the magnetic pole positions, so the pole position is adjusted.
III. CONTROL METHOD FOR THREE SETS OF PMSM
A method for controlling three sets of PMSMs is proposed in this section. The control method proposed is similar to that for controlling two motors. First, regarding the current to be detected, the current flowing to motor 1 is detected. The control is considered separately in when the magnetic pole positions are different and when they are in the same position.
In the case of two motor control, the magnetic pole positions of the two motors are adjusted by using the the proposed control if the magnetic pole positions are different. This proposed adjustment control is for two motors. Therefore, it is divided into the following two patterns for position adjustment in order to adjust the position of the control for three motors.
A. "The pole position difference between motors 1 and 2 is greater than that between the magnetic pole positions of motors 1 and 3 ( 2 -1) > ( 3 -1)." In this case, control of the positioning of motors 1 and 2 is performed.
B. "The pole position difference between motors 1 and motor 3 is greater than that between the magnetic pole positions of motors 1 and 2 ( 3 -1) > ( 2 -1)." In this case, control of the magnetic pole position adjustment of motors 1 and 3 is performed.
We propose using this method to control the magnetic pole position adjustment of the three motors.
When the magnetic pole positions are in the same position, the current command value is controlled with Iq1 = constant, Id1 = 0, and ordinary vector control is performed. First, the current value of motor 1 and the magnetic pole positions of the motor are detected. Next, when the magnetic pole positions are in the same position ( 1 = 2 = 3), the current command value is controlled by Iq1 = constant, Id1 = 0, and motors 1, 2, and 3 are performed acceleration control by ordinary vector control. When the magnetic pole positions are different, the current command value is controlled by Iq1 = 0, Id1 = constant. Thereby, the regulatory control of the magnetic pole position is performed. After, to perform magnetic pole position adjustment control of the three motors, it is necessary to determine the detected magnetic pole position ' by using the magnetic pole position of the motor. When ( 2 -1) > ( 3 -1), ' is set to ´ = 1 + ( 2 -1)/2. When ( 2 -1) < ( 3 -1), ' is set to ´ = 1 + ( 3 -1)/2. Then, vector control is performed by using the magnetic pole position 'and the current of motor 1. Figure 6 shows an overall view of a circuit on simulator (PSIM) for three PMSMs. Figure 7 shows the overall structure of the proposed method for the three PMSMs.
IV. SIMULATION RESULTS FOR THE THREE PMSMS
The proposed control was performed when the pole positions differences were 2 -1 = 120 degrees and 3 -1 = -60 degrees. Figure 8 shows the simulation results of the pole positions of motors 1, 2 and 3, which are 1 (°), 2 (°), and 3 (°), the differences in the magnetic pole position, which are 2 -1 (°) and 3 -1 (°), the peripheral velocities of the wheels The control of shifting the magnetic pole position was performed until t = 1 so as to determine whether or not simulation can be able to make adjustments with the proposed control from when the magnetic pole positions are different. Therefore, Fig.8 shows the results after t = 1(s), which is when the proposed control began to actually be performed.
From Fig. 8 , since the difference of the magnetic pole position became 0 at t 1.2 (s), it turns out that the magnetic pole positions could be adjusted. Additionally, it was confirmed that the control for acceleration thereafter was performed. Therefore, it was possible to control the three PMSMs by using one inverter with the proposed control method.
V. CONTROL METHOD FOR FOUR SETS OF PMSM
A control method for four sets of PMSMs is proposed in this section. The control method proposed is similar to the method for controlling three motors. First, for the current to be detected, the current flowing to motor 1 is detected. The control is considered separately when the magnetic pole positions are different and when they are in the same position. When the magnetic pole positions are different, those of the two motors are adjusted by using the proposed control the same as in the case of three PMSMs. In the case of four motors, it is divided into the three following patterns for position adjustment in order to adjust the position of the control for four motors. When the magnetic pole positions are in the same position, the current command value is controlled with Iq1 = constant, Id1 = 0, and ordinary vector control is performed. Figure 9 shows an overall view of a PSIM for four PMSMs. Figure 10 shows a control flowchart of the proposed method for four PMSMs. Figure 11 shows the overall structure with the proposed method for four PMSMs. A description of the flowchart in Fig. 10 is given below. First, the current value of motor 1 and the magnetic pole positions of the motor are detected. Next, when the magnetic pole positions are in the same position ( 1 = 2 = 3 = 4), the current command value is controlled with Iq1 = constant, Id1 = 0, and motors 1, 2, 3 and 4 perform undergo acceleration control by ordinary vector control. When the magnetic pole positions are different, the current command value is controlled with Iq1 = 0, Id1 = constant. Thereby, the regulatory control of the magnetic pole position is performed. After, to perform magnetic pole position adjustment control of the four motors, it is necessary to determine the detected magnetic pole position ' by using the magnetic pole position of the motor. For the pole position differences between motor 1 and the other motors, ( 2 -1), ( 3 -1), and ( 4 -1), it is necessary to determine what the maximum is. In the case of ( 2 -1), ' is set to ´ = 1 + ( 2 -1)/2. In the case of ( 3 -1), ' is set to ´ = 1 + ( 3 -1)/2. In the case of ( 3 -1), ' is set to ´ = 1 + ( 3 -1)/2. Then, vector control is performed by using the magnetic pole position 'and the current of motor 1.
VI. SIMULATION RESULTS FOR THE FOUR PMSMS
The proposed control was performed when the pole position differences were 2 -1 = -300 degrees, 3 -1 = -120 degrees, and 4 -1 = -220 degrees. Figure 12 shows the simulation results of the pole positions of motors 1, 2, 3, and 4, which are 1 (°), 2 (°), 3 (°), and 4 (°), the differences in the magnetic pole positions, which are 2 -1 (°), 3 -1 (°), and 4 -1 (°), the peripheral velocities of the wheels of motors 1, 2, 3, and 4, which are Vr1 (m/s), Vr2 (m/s), Vr3 (m/s), and Vr4 (m/s), and the peripheral velocity of the rail disk Vc (m/s). The control of shifting the magnetic pole position was performed until t = 1 so as to determine whether or not simulation could be able to make adjustments with the proposed control from when the magnetic pole positions were different. Therefore, Fig. 12 shows the results after t = 1(s), which is when the proposed control began to actually be performed. From Fig. 12 , since the difference of the magnetic pole positions became 0 at t 1.2 (s), it turns out that the magnetic pole positions could be adjusted, and it was confirmed that the control to accelerate thereafter was performed. Therefore, it was possible to control the four PMSMs with one inverter by using the proposed control method.
VII. CONCLUSION
We proposed a method for controlling three or four PMSMs with one inverter. As a result of having performed the proposed control method, three and four sets of PMSMs were able to be controlled by adjusting the magnetic pole positions with one inverter.
